A key element in the build-up to the global recession and subsequently was the movement in house price indexes (HPIs). These indexes are particularly prone to methodological and coverage differences which can undermine both within-country and cross-country economic analysis. The paper outlines key measurement issues and reports on empirical work using an international panel data set that (i) considers whether differences in HPI measurement matter and, if so, in what way, and (ii) revisits the measurement of global house price inflation and the modeling of the determinants of house price inflation using HPIs corrected for differences in measurement practice. JEL Classification Numbers: C43, E30, E31, R31.
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I. INTRODUCTION
The October 2009 Report to the G-20 Finance Ministers and Central Bank Governors on the Financial Crisis and Information Gaps 2 described data on dwellings and their associated price changes as critical ingredients for financial stability policy analysis. Of the 46 systemic banking crises for which data are available, more than two-thirds were preceded by house price boom-bust patterns (Claessens et al., 2010) .
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An understanding of deviations from equilibrium prices in housing markets requires reliable and, for international comparisons, consistently-measured, house price indexes (HPIs) . 4 Yet HPIs are particularly prone to methodological differences, which can undermine both within-country and cross-country analysis. It is a difficult but important area. There are empirical questions as to first, whether measurement differences matter and, if so, how and to what extent, and second, how such differences impact on analytical work including the measurement of global house price indexes and the modeling of HPI changes.
A brief outline of measurement problems and practices is given in section II with more detail in Annex 1. Section II also notes a number of initiatives to harmonize HPI methodology.
The empirical analysis in section III is based on a panel of five years of quarterly data for over 150 HPIs from nearly 25 countries; all the series differ (at least within countries) with regard to their methodological features. A fixed effects (for country) model with HPI changes regressed on measurement characteristics identify the extent to which measurement differences matter and the salient measurement features.
Given the importance of measurement in explaining HPI variation, as established in section III, we determine the effect measurement has on the economic analysis of house price inflation. In section IV, national measurement-adjusted and unadjusted HPIs are estimated to first, compile indicators of global house price inflation, and second, in an illustrative economic model of the determinants of house price inflation. The results using measurementadjusted and unadjusted HPIs are compared. 2 The initiative was taken up by the International Monetary Fund (IMF) Statistics Department (STA) and the Financial Stability Board (FSB). See: http://www.imf.org/external/np/seminars/eng/2010/infogaps/index.htm. 3 Similarly, 35 out of 51 house price boom-bust episodes were followed by a crisis. The corresponding effect of stock market boom-busts was much smaller. Claessens, Kose, and Terrones (2008, page 25) found that "..recessions associated with house price busts are on average over a quarter longer than those without busts. Moreover, output declines (and corresponding cumulative losses) are typically much larger in recessions with busts, 2.2 (3.7) percent versus 1.5 (2.3) percent in those without busts. These sizeable differences also extend to the other macroeconomic variables, including consumption, investment and the unemployment rate." Reinhart and Rogoff (2009) found the six major banking crises in advanced countries since the mid-1970s were all associated with a housing bust. 4 The term "house price indexes" includes apartments and is interchangeable with residential property price indexes.
II. THE POTENTIAL FOR MISMEASUREMENT AND INTERNATIONAL GUIDELINES
House price transactions are infrequent and apply to a highly heterogeneous item. Comparing the prices of like with like on a regular basis is highly problematic. Moreover, secondary source data are generally used for HPIs, and their nature depends on the institutional arrangements in a country for selling, financing, taxing, and registering the sale of a residential property. This gives rise to the potential for quite significant methodological and coverage differences in HPI measurement, details of which are given in Annex 1. Key HPI measurement variables include the: (i) use of stocks or flows (transactions) for weights; (ii) use of values or quantities for weights; (iii) use of fixed or chained weights; (iv) the method of enabling constant quality measures (repeat sales pricing, hedonic approach, mixadjustment through stratification, sale price appraisal ratio (SPAR); (v) geographical coverage (capital city, urban etc.), (vi) coverage by type of housing (single family house, apartment etc.); (vii) vintage covered, new or existing property; and (viii) valuation method (and source data) of prices (asking, transaction, appraisal etc.).
For many countries more than one national index is available each using quite different methods and having different coverage. Silver (2011) illustrates the substantial within country variation of national HPIs by different compiling organizations for three case studies, Russia, the United Kingdom, and the United States-see also Careless (2011) .
There are at present, no internationally-accepted guidelines on compiling HPIs. However, a recent initiative to produce a Handbook on House Price Indices 5 is near completion. Experimental results have been developed by Eurostat (2012) on the development of comparable HPIs for owner-occupied housing (OOH) in the framework of the Harmonized Indexes of Consumer Prices (HICP) for countries in the euro area and at the European Union level.
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A common set of accepted methods and approaches in this regard is described in a technical manual published by Eurostat (2011) .
The application of such guidelines is not be straightforward given the dependency of HPIs on secondary source data. Further, HPIs are often published by private organizations such as realtors and lenders and also serve to advertise their business. Private organizations are unlikely to abandon their indexes if their source data and methods do not meet newly developed international guidelines.
To better understand the effect of measurement on HPIs, it natural to consider a data set of many countries each with one or more HPI with differing coverage and/or utilizing different methods. The panel structure of the data would have measures of HPI inflation as cross sections with different coverage and methods as explanatory variables. Fixed effect controls would be by country.
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III. DOES MEASUREMENT MATTER? INTERNATIONAL EVIDENCE
There is evidence of differential HPI growth rates between countries. 8 But there is also a variety of quite dispirit methods employed between countries for calculating HPIs. In this section we employ a panel regression that attempts to distinguish measurement effects from house price inflation.
A. The HPI Series
The study is based on a panel of about 157 quarterly house price indexes (HPIs) from 24 countries over 2005:Q1 to 2010:Q1. Details of the HPI series are given in Annex 2. Log rates of changes in quarterly HPIs are defined below for HPI series i = 1,…,N in country c = 1,…,C over t = 1,…,T quarters where N is the number of HPIs in country c, given in Annex 2 alongside each country name, and
Our concern is explaining variation in HPI rates, not levels. Leventis (2008); and Tokyo, Japan: Shimizu, Nishimuraand, and Watanabe (2009) . Such studies provide valuable insights into the empirical effect of methodological differences, though are usually undertaken on constrained data sets, for example to a single city, and are for series not generated in real time. This study benefits from using cross-country information and examines the measurement issues concerning real-time HPIs.
8 Hilbers et al. (2008) o Geographical coverage (benchmarked on national coverage).
Capital (major) city=1 (0 otherwise); Big cities=1 (0 otherwise); Urban areas=1 (0 otherwise); Notcapital=1 (0 otherwise); Rural=1 (0 otherwise).
o Type of dwelling (benchmarked on both apartments and single-family homes).
Apartment=1 (0 otherwise); Single family home (Sfh)=1 (0 otherwise).
Based on method:
o Quality-mix adjustment (benchmarked on price per dwelling, no adjustment). Weights: fixed or chained/regularly-updated or unweighted (benchmarked on fixed=0). 9 The null hypothesis of unit roots for this pooled data set was also rejected when tested using the Im, Pesaran and Shin W-statistic of 46.135 (p-value=0.0000), the ADF Fisher Chi-square statistic of 2,505.39, (pvalue=0.0000), and the Phillips and Perron Fisher Chi-square statistic of 3,525.37 (p-value=0.0000).
10 Information on the characteristics of the house price indexes was based on the methodological notes attached to the source data, survey papers, and, often, extensive email correspondence with the providing institutions.
Wchain=1 (0 otherwise); Unweighted=1 (0 otherwise). o Weights: rolling/average or annual (benchmarked on annual=0). Wrolling=1 (0 otherwise). o Aggregation at higher level: geometric or arithmetic (benchmarked on arithmetic). Geometric=1(0 otherwise). Interaction variables were included, but with little success.
The categorization was of course not always straightforward. For example, for the Austrian HPIs, the Immobilienpreisindex, one third of the data are transaction prices and two thirds are quotation prices: the index was characterized as being based on the latter.
C. The Results
The regression relates inflation for series i=1,….,I, in periods t=1,….,T to the k=1, ,K coverage (COV) and l=1,….L methodological (METH) explanatory variables outlined in section B above, fixed time, , 
The estimator is a cross-section SUR specification to allow for conditional correlation between the contemporaneous residuals for cross-sections (but restricts residuals in different periods to be uncorrelated), and to allow for cross-sectional heteroskedasticity (Beck and Katz (1995) . The results from a specification that includes fixed country effects and a parsimonious selection of explanatory variables are presented in Table 1 . Though not given here for brevity, 11 about one-third of the 23 fixed country dummy variables were statistically significant at the 5 percent level. Their coefficients provide estimates of the extent to which country house price inflation rates differ, conditioned on the HPI's differences in measurement.
Of note is the low 2 R of 0.0503 when measurement variables and fixed country effects are included. Only three measurement variables are statistically significant at a 5 percent level. Yet when the explanatory measurement variables were tested as being redundant against a specification that included measurement variables and fixed-country effects, the null hypothesis of redundant variables could not be rejected at a 1 percent level (LLR=16.81, . Measurement, at least in this representation, did not seem to matter.
The restrictions that the coefficients are constant over time for the model in Table 1 was relaxed for the parsimonious set of explanatory measurement variables- (2) above to include interaction terms between each such variable and time.
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The specification also included fixed-time effects and fixed country effects. The methodological explanatory variables were categorized, as noted in section IIIB above, as those based on coverage and method. The results for moving window regressions are given in Table 2 .
First, the regressions have substantial explanatory power, 2 R at about 0.45 in mid-2009, a result especially notable given only fixed effects, and measurement variables were included. There were no structural explanatory variables to explain house price inflation by means of supply and demand (and financing) of a country's housing market as in, for example, Muellbauer and Murphy (2008) . 13 From the results of Table 2 , column 2, measurement matters and, in particular, 2 R increases over the period of recession, when it really matters. Second, Table 2 shows the explanatory power of the model is not substantively driven by the fixed time and cou effects. On excluding the country-and time-fixed effects, Table 2 column 4, the effect of the measurement variables alone, while diminished, accounted during the recession for about a quarter of the variation in house price inflation rates.
Third, is the question: given that measurement matters, what matters most, coverage variables or methodological variables? Table 2 , columns 5 and 6 find that dropping either set leaves the other with substantial explanatory power, though "method" is for the large part slightly more important than "coverage." Table 1 . The impact of the variables is quite volatile over time; a variable being significant in one quarter is no guarantee of it being so in the next.
Figures 1-6 illustrate the nature, magnitude and volatility of individual regression coefficients over time for six illustrative explanatory variables: the coverage of existing properties (as against new and existing); use of stratified mix-adjustment (as against price per dwelling); hedonic regressions (as against price per dwelling); price per sq. meter (as against per dwelling); unweighted or equal weights (as against value shares), appraisal (as against transaction) price data. A lighter-fill marker in the Figures indicates that the coefficient's value is statistically significant at a 5 percent level. The general pattern is one of a substantively different (lower) effect of these variables on measured inflation during the recession compared with prior to it. There is, in some cases, a marked volatility to the effects of these variables, as illustrated in Figure 6 for the use of appraisal prices as against transaction prices.
Having shown that measurement issues matter when comparing HPIs, and that they matter particularly during the recession-when it matters-we turn to a consideration of the impact of these findings on some macroeconomic analytical work.
IV. MEASUREMENT OF HPIS: SOME ANALYTICAL WORK
Much analysis of the impact of house price inflation on the recession uses cross-country comparisons or regional aggregates. The concern here is with the sensitivity of such analysis to measurement issues.
A. Measures of Global House Price Inflation
Often global/regional house price inflation is measured using averages of selected country HPIs, for example, IMF (2011)-see also Loungani (2012) ; Girouard (2006) and OECDpublished series; Eurostat (2012) ; and the European Central Bank (ECB) (2012).
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Figure 7 provides a similar such measure of average house price inflation for 21 countries, 16 but conditioned on differences in measurement practices. Country-specific house price indexes are estimated from the time-varying country effects in a regression that also includes measurement variables. The regression allows the estimate of each country's inflation to vary over time, via separate country-time interaction dummy variables,
The resulting estimates of t c  were, for the large part (about 75 percent of the 441 estimates-21 countries by 21 quarterly changes), statistically significant at a 5 percent level. The estimates of individual HPIs for each country, adjusted in the regression for measurement differences, were then averaged using as weights, in a chained Laspeyres formulation, their country's share of gross domestic product (GDP) based on purchasingpower-parity (PPP).
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Given that measurement matters, the resulting measure shows global house price inflation having abstracted from it country differences in measurement. An unadjusted (for measurement differences) global inflation measure was derived in a similar manner, but the measurement-related variables were excluded from the regression.
Measurement-adjusted and unadjusted global inflation in Figure 7 track each other closely prior to the recession, but then substantially depart during it. Their close tracking of each other prior to the recession is expected since we have established in the previous section that measurement then had little effect on HPI changes. However, the turning points for the measurement-adjusted measure is later (2008:Q3 against 2008:Q2) and the fall very much deeper than the unadjusted measure (2008:Q4 -0.036 against -0.020, that is, a 3.6 compared with 2.0 percent quarter-on-quarter fall). The evidence is that unadjusted global inflation rates were substantially over-estimated during this time of severe recessions.
Insight into the difference between the two measures can be considered in terms of omitted (measurement) variable bias. Two factors underlie such bias: (i) the omitted measurement variable must be a determinant of the dependent variable (i.e., its true regression coefficient is not zero); and (ii) the omitted variable must be correlated with one or more of the included independent variables. As regards (i), we have demonstrated in the previous section that the explanatory power of the measurement variables increased with the onset of the recession. As regards (ii), there is also a relationship between the measurement variables and HPI changes, as apparent from the previous section. The direction and magnitude of bias is pronounced. It 17 We follow Kennedy (1981) and use as the estimate of the proportional impact of the period t time dummy for country c, in this semi-logarithmic regression, the consistent (and almost unbiased) approximation: 
B. Modelling House Price Changes Using Cross-country/Pooled Data
There is naturally much concern in the literature with the relationship between (real) house price booms and banking busts including Igan and Loungani (2012) , Crowe et al. (2011); Claessens et al. (2010 ) IMF (2008 , 2010 , and Reinhart and Rogoff (2008) . Empirical work is often based on a sample of countries 20 and includes analysis of the crosscountry coincidence of real house price index changes, the magnitude, duration, and characteristics of house price cycles, and cross-country relationship between HPI changes and those of other macroeconomic and household financial variables. Implicit in such analysis is the assumption that the measurement-related differences in house price indexes between countries are not of a nature/sufficient magnitude to adversely affect the results.
We take (an earlier version of) the model in Igan and Loungani (2012) (hereafter IL) to illustrate the impact of measurement differences on such analytical work. We stress our and their estimates are not directly comparable. Their estimates are from a regression using (unbalanced) pooled quarterly HPIs from 17 countries over 1970Q1 to 2010Q1. This contrasts with our a shorter period of 2005:Q1 to 2010Q1 and use of a panel data set of about 150 HPI series over a similar, but extended, set of 21 countries. Country house price inflation for our work is estimated using (441 (21 countries by 21 quarterly changes) coefficients on country-time interaction dummy variables, (2) from a pooled regression that includes measurement variables, and time-varying country effects. However, we employ the same estimator (OLS with robust standard errors), variable list, and dynamics used by IL. Our comparators are between their model but estimates with our measurement adjusted and unadjusted HPIs. Table 4 column 1 provides from the results by IL from their pooled regression-further details and rationale for their model are given in pages 14-20 of their paper. Quite similar results are found from our analysis given in columns 2 and 3 of Table 4 with the expected signs on the estimated coefficients. Given the quite major differences in the data sets used here and by IL, this study gives further credence to their work. Affordability is not 19 More formally, the bias can be considered as omitted (measurement) variable bias . Our global HPIs are built up from the estimated coefficients on the dummy variables for time. Omitted (measurement) variable bias is given by (i) the coefficient on the excluded (measurement) variables-measurement must matter for them to diverge-multiplied by (ii) the coefficients of the included explanatory (dummy time) variables taken from auxiliary regressions of the omitted (measurement) explanatory variables on the remaining included explanatory variables-measurement must be correlated. For the measurement-adjusted index to exceed the unadjusted index, as in Figure 7 , the signs on the time dummy variable and the coefficient from the auxiliary regression must be the same. HPI changes are negative for the recession and parameter estimates of measurement on HPI changes, albeit not from an auxiliary regression, in Figures 1-6 also tend to be negative in the recession. statistically significant at a 5 percent level, but becomes so (columns 4 and 5) when its square is dropped.
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The measurement-adjusted (MAdj.) estimates in columns 2 and 4 improve on the unadjusted ones in columns 3 and 5. Table 4 shows both stock price changes and long-term interest rates have no (statistically significant at a 5 percent level) affect on HPI changes both for the IL estimates (column 1) and unadjusted estimates (columns 3 and 5), but do so with the appropriate sign for the measurement-adjusted estimates (columns 2 and 4).
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For some cases, parameter estimates for MAdj. price changes have larger falls and smaller increases than their unadjusted counterparts. For example, MAdj. and unadjusted house price inflation are estimated to fall by 8.5 and 7.7 percent respectively as (lagged) affordability increases by 1 percent, to increase by 0.40 and 0.52 percent respectively as the change in income per capita increases by 1 percent, and to increase by 0.156 and 0.186 percent respectively as the change in credit increases by 1 percent.
Evaluating the MAdj. and unadjusted models in terms of relative explanatory power is not straightforward. While the R-squared for the different regressions differ, this is not a valid basis for comparison since each regression explains variation in a different variable. An alternative measure is the Chi-squared statistic for a redundant country fixed-effects test. Such effects should be smaller for the measurement-adjusted regression than the unadjusted one, if the measurement variables are doing their work. This can be seen to be the case from Table 4 ; the Chi-squared statistics for the MAdj. regression model are 48.9 and 46.6 (columns 2 and 4) compared with 60.7 and 59.1 (columns 3 and 5) for the respective unadjusted estimates. Thus while the parameter estimates remain relatively robust to measurement issues, the regressions, and policy implications thereof, do benefit from their inclusion.
One issue of interest to this study, and also cited and explored by IL, is the cross-country variability in the parameter estimates. In Figure 8 we show the result of relaxing the restriction on the 8 estimated parameters to be constant across the 17 countries, for both measurement-adjusted and unadjusted HPIs. The individual results are for the large partover 70 percent of the 272 estimates-statistically significant at a 5 percent level. Of note is that while stock price changes and long-term interest rates were not statistically significant when related to the unadjusted measure of housing inflation in the restricted model, Table 4 , these country-specific estimates were found to be generally statistically significant when allowed to vary across countries, Figure 8 . The nature and extent of the country effect 21 Excluded from Table 4 are the country effects (available for the authors) required by our model given that more than one series is used for each country. F-tests on the redundancy of these country effects found the null hypothesis of no such effects to be rejected at a 1 percent level (F=3.735 and 2.887 respectively for the measurement-adjusted and unadjusted estimates). 22 The coefficient for stock prices in column (4) denoted as statistically significant at a 10 percent level was in fact a borderline p-value of 0.1056. We used a (White) period heteroskedasticity adjustment to the standard errors. Had diagonal or cross-sectional one been applied the p-value would have been 0.017 and 0.069 respectively, compared with p-values of 0.2076 and 0.1884 for the unadjusted estimates. differed across series. In some cases, stock prices, affordability, and long-term interest rates, there is evidence of larger falls when measurement-adjusted HPIs are used, while in others the impact of measurement-adjustment is mixed. The disparity between the estimated parameters arising from using measurement-adjusted and unadjusted HPIs, as well as the magnitude of their effects, can be quite marked in some countries, including Japan, Netherlands, Switzerland, the United Kingdom and the United States.
V. CONCLUSIONS
The paper is motivated by the wide variation in the form HPIs can take both with respect to coverage and method, Section II and Annex I. As noted in Section II, HPIs have been identified as a key data gap by G-20 with current initiatives to ameliorate such differences being undertaken by the Bank of International Settlements, Financial Stability Board, IMF, Eurostat, the European Central Bank, and the (United Nations) Inter-Secretariat Working Group on Price Statistics. Using three country case studies, Silver (2011) identified substantial differences in measured national house price inflation between different indexes within a country. This paper provides an extensive and formal analysis of this measurement problem involving panel data from 24 countries and 153 HPIs over the period 2005Q1 to 2010Q1. The results clearly demonstrate that measurement matters; substantively so and particularly when it really matters, during a recession. Different patterns over time were distinguished for the effects (coefficients) on house price inflation of different measurement variables.
Given measurement matters, we turned in Section IV to determine how measurement might matter for economic analysis. First, measurement-adjusted HPIs were generated from the panel regressions for each country in each period, and a GDP-PPP-weighted HPI index derived that abstracted measurement effects from measured changes in house price inflation. This measurement-adjusted global HPI was compared with an unadjusted one generated from a pooled regression that did not benefit from the inclusion of measurement-related variables. Unadjusted inflation rates overstated global house price inflation during the recession by about 10 percentage points.
Second, we adopted a model of house price changes by Igan and Loungani (2012) and used, in turn, our measurement-adjusted and unadjusted house price indexes. Measurementadjusted HPIs were found to perform better in the model with parameters constrained to be the same for all countries. In particular, stock price changes and long-term interest rates entered the measurement-adjusted model as statistically significant, unlike the unadjusted model. However, stock price changes entered both of these pooled regressions as statistically significant when the coefficients were allowed to vary between countries, though the magnitudes were quite different. The coefficients on stock price changes followed the pattern identified for (lagged) affordability, credit, and income per capita: coefficients of explanatory variables relating to measurement-adjusted HPI change have larger falls and smaller increases than their unadjusted counterparts.
In sum, measurement matters, particularly and substantially so during the recession. Such measurement problems carry over to global house price index estimates. However, economic models, if specified in a sufficiently flexible way, are robust to such measurement problems except for a differential magnitude in the measured effect, something relevant to macroeconomic policy formulation. 54 The dependent variable is the log change in the house price index over the last quarter. Affordability is defined as the log of the ratio of house prices to income per capita. Log change in income per capita is calculated as the quarter-on-quarter change in the log level. Log changes in working-age population and bank credit to the private sector are calculated as the year-on-year change in log levels. Log change in stock prices is calculated as the lagged year-on-year change in the log level. All variables are in real terms except short-term and long-term interest rates. Robust standard errors are in parentheses. ***, **, * denote significance at the 1, 5, and 10 percent level, respectively. 
A. Stocks or Transactions
A key issue is whether the purpose of the HPI is to measure changes in the price component of the value of the stock of housing or changes in the price component of the value of houses transacted. If the former, then the weights must be based on relative stock values, as outlined in section E below, and the prices should reflect price changes in the stock of housing, as opposed to just those sold. For measures relating to the stock of housing, HPIs that utilize data on the prices of houses sold, or for sale, are subject to selectivity bias if the sample of houses sold is not a random sample of the stock (Mason and Pryce, 2011) . Appraisal data, usually required for property tax assessment, may be available for of the stock of housing and, while open to errors from appraiser bias 24 or changes in appraisal rules, enable HPIs that have some statistical control for selectivity bias to be estimated. Alternatively, HPIs based on price data of houses sold may be estimated using dummy time variables in a hedonic regression that has a correction for selectivity bias incorporated in the two-stage censored regression estimator, as undertaken in .
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B. Constant-quality Comparisons
At their simplest HPIs are measured as weighted changes in average (often median) prices. Yet since housing is heterogeneous there is a need to ensure that average price change measures are not tainted by changes in the quality mix. Alternative quality-mix adjustment methods include:
Repeat sales method
This method restricts the price comparisons to repeat sales considered over a long period, Shiller (1991 Shiller ( , 1993 . For each, say quarter, data are collected on sales and if a record of an earlier transaction for the home is identified, the two transactions are paired and treated as a repeat sale. By limiting the sample to price comparisons of pairs of like sales it mitigates the shortcomings of HPIs based on median sales that have no control for quality change. The primary disadvantages are (i) the quality of a repeat purchase may depreciate, with wear and tear, or appreciate, with renovations;
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(ii) there is increased sampling error due to relatively small sample sizes and potential sample selectivity bias-houses not sold or sold once.
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The sample would include an unduly higher proportion of atypical houses sold more frequently and exclude atypical houses sold less frequently (see , Hwang and Quigley (2004) and Mason and Pryce (2011) for correction mechanisms for sample selectivity bias); (iii) there are implications for the estimator of the (asymmetric and positive) relationship between the time between repeat transactions and the variance of the error term of a regression of HPIs of repeat sales on time dummy variables used to generate repeat sales HPIs. Alternative assumptions regarding this relationship can have a major impact on the index (see Dreiman and Pennington-Cross (2004) and Leventis (2008); and (iv) as new transaction pairs become available with the addition of new historical data, the index may be subject to a volatile revision history.
Hedonic approach
The hedonic approach has as its basis a regression of house prices on price-determining characteristics. It can be used for a data set of prices of all houses, say using appraisal data, as long as each price has an associated characteristic data set. Hedonic price indexes take two major forms: (i) characteristics price (or hedonic imputation) indexes in which the quality characteristics in a fixed 'base' period are revalued by the coefficients from hedonic regressions in the current periods to form a constant quality HPI. There are as many alternative formulations that include keeping the characteristics set constant in the current period or some average of the two periods. Index number theory provides guidance on an appropriate choice; alternatively (ii), time dummies are included in the hedonic regressions and their coefficients provide the basis for estimates of quality-adjusted price changes. Silver and Heravi (2007) , Diewert, Heravi and Silver (2008) , Li, Prud'homme, and Yu (2006) , Hill and Melser (2008) , Shimizu et al. (2009), and Hill (2011) provides accounts of these approaches. 26 Some fairly arbitrary methods are used to mitigate such effects, for example, the CS-HPI (i) assigns smaller weights to sales pairs with large price changes relative to the community around them-in large metro areas typically 10-15 percent of pairs are down-weighted; (ii) sales pairs with longer time intervals are given less weight than sales pairs with shorter intervals-in large metro areas the interval weights for sales pairs with tenyear intervals will be 20-45 percent smaller than those for six-month intervals; (iii) deeds that indicate that the sale is unlikely to be arms-length are excluded; and (iv) homes that sell more than once within 6 months are excluded as they are considered likely to following a major remodeling. The hedonic repeated measure developed by Shiller (1991 Shiller ( , 1993 makes it possible to account for possible changes in house characteristics between first and second sales. 27 Chau, et al. (2005) surveys the percentage of repeat sales pairs to number of transactions (maximum 50%) in a number of studies finding high inter-country variability, for example, 23 percent for Hong Kong for comparisons over 10 years compared with 6.6 percent over 18 years for areas in California.
Mix-adjustment through stratification
Mix-adjusted HPIs are compiled as weighted averages of price changes of strata. The strata may be based on location and other price-determining characteristics (see examples in Wood (2005) . The effectiveness of the method depends on the effectiveness of the stratification in accounting for price-change determining characteristics and hedonic regressions have been usefully employed to help determine such stratification factors.
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Sample size permitting, hedonic indices may be usefully employed within strata, and the results of the HPIs for the strata combined using weights to reflect either the relative values of the stock or transactions in housing.
Sale price appraisal ratio (SPAR) method SPAR combines information from appraisals and transactions. It includes unmatched transactions and, unlike the repeat purchase method, does not need to be revised when a new transaction is paired. HPIs using SPAR are claimed to be indexes at constant quality provided that appraisals are adjusted by the value of improvements-see Bourassa, Hoesl, and Sun (2006) for details. The unmatched comparisons between say periods t and t-1, are the average prices of the "new" (sold only in period t) compared with the "old" (sold only in period t-1) and the quality adjustment used can be shown to be the ratio of the average appraised values in some previous period 0 of the new against the old.
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The viability of the method depends critically on the quality of appraisals.
Standard 'model' portfolio approach
This approach is based on controlling for quality changes by making periodic valuation of a standard property portfolio or standard units of different types/specifications in a given areas. The sample may be changed over time to keep constant the age of the property. The sample may be based on active transactions and/or appraisals (Chau et al., 2005) ..
C. Coverage Geographical
HPIs can be national, cover just the capital city, major cities, major urban areas, rural areas, or some or all of the above being aggregated from sub-indexes of regional or more local administrative areas. The evidence is of substantial variation in inter-area growth rates in HPIs (for example, Abraham and Hendershott (1996) and Capozza et al. (2002) ). Where a reliable national HPI is not available for a country but a say reliable capital city HPI is used as a proxy for a national one, the "national" index has a defective geographical coverage.
Type of housing
HPIs may be restricted to (combinations of) types of housing such as newly-built houses and or apartments, single-family houses, apartments, apartment and terrace houses. HPIs may serve different purposes, for example, newly-built house price indexes are appropriate for measuring the cost of shelter in a consumer price index using the net purchase (or acquisitions) concept (see Diewert (2004) and Baldwin, Nakamura and Prud'homme (2006) ).
Source data and financing
Administrative data sources used to record prices may be restricted to purchases financed by a particular mortgage organization.
D. Prices: Source Data, Valuation, and Timelines
The sale and purchase of a house usually touches a number of organizations: to promote its sale (real estate agents), finance its purchase (mortgage lenders), administer taxes (tax authority), and register its legal title (Land Registry or notary 30 ). The price may change along the timeline of the process from asking price to final completion (of contract) price. The continuum is such that the asking price for an individual property can change, and is likely to fall, the longer the property is on the market. While generally it is the final completion price that HPIs should measure, prices at earlier stages may be used for HPIs for pragmatic reasons.
For example, the final completion-price data base may not be timely or may exclude many price-determining characteristics necessary for mix-adjustments, while an earlier data base, say from mortgage lenders, may have sufficient price-determining characteristics and be more timely, but would exclude cash sales and the effects of any renegotiation of prices between mortgage approval and completion. The length of the timeline, potential for renegotiating price, and adequacy of source data will usually vary between countries and over time for individual countries. An illustration is provided below based on Wood (2005 for the U.K. timeline which may take 6 months.
E. Weights: Stocks or Transactions and Values or Quantities
First, there is the issue whether democratic or plutocratic weights should be used. For an index aggregated over regions, types of housing, and possibly other stratification factors, democratic weights would require the relative volumes of transactions of each stratum while plutocratic weights would require the relative monetary nominal values. Such values may be purchase values or stock values, depending on the purpose of the index.
Weights should be updated as regularly as possible and annual chained Laspeyres-type indexes are preferred as most likely approximations, given timely weights will be unavailable, to chained superlative indexes (see ILO et al. (2004) and Armknecht and Silver (2012) for these index number issues). Regression formulations might be used within a stratum with the price changes of individual stratum weighted together to form the national index of all housing types.
ANNEX 2. DATA
The GDP-PPP weights used to construct the global measures of HPI inflation are from the IMF, World Economic Outlook Database, September 20, 2011. The data used as explanatory variables for the Section III model based on Igan and Loungani (2012) was supplied by Deniz Igan (IMF). I am also grateful for help with the provision of data to Niall O'Hanlon (Central Statistical Office, Ireland), Marc Prud'Homme (Statistics Canada), and Chihiro Shimizu (Reitaku University).
Many of the house price indexes (HPIs) used in this study have been drawn from the Bank for International Settlements' (BIS) database of property price indexes available at: http://www.bis.org/statistics/pp.htm. The codes cited below alongside "BIS" refer to this database. Use of the database requires a citation of the appropriate national source as noted at: http://www.bis.org/statistics/pp/disclaimer.htm and given below along with the websites used. Many of the statistical agencies and private sources generously helped with the provision of further methodological information and data.
The BIS country series have been supplemented by further house price indexes, not always published, from the national sources indicated below.
